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Abstract 
Repeated exposure to formalin–containing foodstuff results in mice to overexpressing HSP70 (Heat Shock Protein, 70 kDa) 
and induction of apoptosis. This study tried to assess the efficacy of supplementation of chlorophyllin in inhibiting this induced 
apoptosis. In this study, a 4 x 4 factorial experiment was conducted with treatment type and duration of exposure as independent 
variables. Expression of HSP70 was determined by immunohistochemistry (avidin–biotin sandwich assay). The number of cells 
expressing HSP70 was statistically analyzed using two–way ANOVA, followed by Duncan's Multiple Range Test (DMRT, α = 
0.01). From the results, it can be concluded that chlorophyllin supplementation is able to inhibit the number of cells undergoing 
induced apoptosis due to repeated exposure of formalin–containing fish by normalizing the overexpressing of HSP70. 
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1. Introduction 
The misuse of formalin as a preservative of food is still frequent, although it has been banned since 26 years ago 
through the Regulation of the Minister of Health of the Republic of Indonesia. From the observations made by 
Kartikaningsih1 in Malang and surrounding areas, fishermen deliberately add formalin to fish to be sold in the 
market or at auction sites, while there was no formalin addition to fish sold to fish processing plants and or 
consumed by their family.  
The use of formalin as preservative does not meet the safety criteria because it can react with molecules in the cell 
and ultimately change the function, thus causing damage to the cellular, tissue, organ, until the organism level1-4. The 
previous studies have shown that repeated exposure of mice to fish meat containing formalin activates caspase–9 (an 
enzyme initiating apoptosis or programmed cell death)5 and leads to overexpression of HSP70 (protein which is a 
marker of cellular stress)6 in liver cells, induces apoptosis of hepatic cells7, causes high elevated SGOT (serum 
glutamic oxaloacetic transaminase) and SGPT (serum glutamic pyruvic transaminase) level8 which are a marker of 
functional disorders of liver tissue, physiological9 and pathological10 disorder of digestive organs, behavioral 
disorder11, and even somatic death of mice10. 
Based on the fact that the consumption of food containing formalin is still difficult to avoid, and the 
aforementioned multifaceted damage from the molecular to the organismic, it is needed to seek some prevention. 
The efforts of detoxification of foodstuffs containing formalin by treatment with derivative of chlorophyll, 
chlorophyllin, had been examined. Preliminary studies have shown that chlorophyllin supplementation can 
normalize the concentration of SGOT and SGPT12 which elevated due to repeated exposure to formalin–containing 
foodstuff. To strengthen the evidence that chlorophyllin supplementation can detoxify formalin–containing food, 
more research is required. This research aimed to determine the ability of chlorophyllin supplementation in 
inhibiting induced apoptosis by overexpressing HSP70 in liver cells of mice that increased due to repeated exposure 
to formalin–containing foodstuffs. 
2. Material and methods 
2.1. Design of the research 
This experimental research uses a randomized block design, 4 × 4 factorial, with type of treatment and duration 
of exposure as independent variables. Treatment factor consist of: negative control (NC); fish containing formalin 
(FF); fish containing formalin plus chlorophyllin (FFChln); and chlorophyllin (Chln). Duration of exposure factor 
consist of daily repeated exposure over 0 (= control); 2 d; 14 d; and 62 d.  
2.2. Animal cultivation, preparation, and induction of test substances 
Fourty–eight male Balb/c mice 2.5 mo old with 15 g to 25 g in weight were used. They were maintained in 
Animal Physiology Laboratory of Biology Department, Mathematics and Natural Science Faculty, Brawijaya 
University, Malang. Mice were housed in polyethylene plastic containers, maintained at (27 ± 2) °C with 12 h 
photoperiod and provided with fodder (standard fodder, ACT PBS Pellet produced by PT. Charoen Pokphand 
Nomenclature 
g    mass (gram, 1 000 miligram, 0.001 kilogram) 
L    volume (liter, 1 000 mililiter) 
mg  ·  L–1    mass concentration (miligram per liter) 
mg · kg–1  mass concentration (miligram per kilogram) 
% (w/v)    volume concentration (percent weight per volume, mass of solute (g) for every 100 mL of solution) 
h    time (hour) 
d    time (day) 
mo    time (month) 
 Alfonds Andrew Maramis et al. /  Procedia Chemistry  14 ( 2015 )  27 – 35 29
Indonesia Tbk.) and water ad libitum. All animal procedures conformed to the institutional ethic regulations 
concerning the protection of animals13,14. 
Stock solutions of the four treatments were made as follows: 
x Negative control (NC) — The NC stock solution consisting only of demineralized water that serves as placebo 
administration toward gavage (force-feeding) procedure. The volume of water which force-feeding by gavage 
tube (with the range of 0.01 mL to 0.1 mL) were adjusted to the body weight of mice. 
x Fish containing formalin (FF) — The fish used as food models in this study was Oreochromis niloticus. The 
primary stock of FF was set to 100 mg · kg–1 by mixing 10 mL of 10 000 mg · L–1 formaldehyde solution (diluted 
from 37 % (w/v) formaldehyde PA grade, Merck, Germany) and 1 kg of refined meat of O. niloticus. This 
concentration was chosen according to the research of Kartikaningsih1 which found that the average of 
formaldehyde concentration in fish be sold in traditional market in Malang City, East of Java, was 100 mg · kg–1. 
The primary stock of FF was diluted 10 times in order to obtain the FF secondary stock solution, with a 
concentration of 10 mg · L–1. Based on the research of Kartikaningsih1 (the average of formaldehyde 
concentration in fish) and assuming that the average consumption of fish by an adult (50 kg of body weight) i.e. 
100 g · d–1 per adult, then the weight of formaldehyde exposure in every 1 kg of adults body was 0.2 mg. This 
weight of formaldehyde was used as exposure reference of formalin-containing fish, which adjusted to the body 
weight of mice. The following are the calculations of [FA] (concentration of formaldehyde) that will be exposed 
in mice weighing 20 g: 
x  
 
    
 
In accordance with the volume range of test materials which will be exposed (0.01 mL to 0.1 mL), then to mice 
weighing 20 g the volume of the test material which is used as a benchmark was 0.04 mL. Thus, the [FF] 
(concentration of fish stock solution of formalin) is as the following: 
 
 
    
 
The FF final stock solution (2 mg · L–1) prepared by diluting (five times) the FF secondary stock solution.  
x Fish containing formalin plus chlorophyllin (FFChln) — The FFChln stock solution was made by mixing 100 mL 
of the primary stock of FF and 200 mL of commercial chlorophyllin from alfalfa plants (Medicago sativa, 3 000 
mg · L–1, Synergy WorldWide, Utah, USA) in 1 L volumetric flask and then adding demineralized water to the 
gauge line. The concentration of chlorophyllin was chosen according to the assumption of molar ratio of 
formaldehyde and chlorophyllin, i.e. 1 : 2, refers to the reaction of crosslink formation by one molecule of 
formaldehyde15. The FFChln final stock solution prepared by diluting (five times) the FFChln stock solution. 
x Chlorophyllin (Chln) — The Chln stock solution was made by inserting 200 mL of commercial chlorophyllin    
(3 000 mg · L–1) in 1 L volumetric flask and then adding demineralized water to the gauge line. The Chln final 
stock solution prepared by diluting (five times) the Chln stock solution. 
These four test substances were repeated exposed to each group of mice (once a day) by force-feeding using a 
gavage tube. At each selected times of repeated exposed (0 d, 2 d, 14 d, and 62 d), the group of mice were 
euthanized by cervical dislocation and then dissected to taking the liver organ16,17. 
2.3. Tissue fixation and cutting–of the paraffin block 
Liver specimens were washed with PBS (phosphate buffered saline), inserted into fixative solution (10 % (w/v) 
formaldehyde) for a day, and then gradually dehydrated in 85 % (w/v) alcohol for 1 h to 2 h, 96 % (w/v) alcohol for 
1 h to 2 h, and absolute alcohol for 2 h to 3 h. The specimens were cleared with xylol : absolute alcohol = 1 : 3 for   
1 h, 2 : 2 for 1 h, 3 : 1 for 1 h, first pure xylol for 1 h, and second pure xylol for 1 h. Infiltration was done in the oven 
                    20 g (mice body weight) 
[FA] = (0.2 mg) × ---------------------------------- = 8 × 10–5 mg 
                 50 000 g (adult body weight) 
(1) 
 8 × 10–5 mg                    
[FF] = ------------------ = 0.002 mg · mL–1 = 2 mg · L–1 
   0.04 mL                 
(2) 
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with xylol : paraffin = 1 : 1 (45 °C to 50 °C) for 1 h, first paraffin (65 °C to 70 °C) for 1 h, and second paraffin     
(65 °C to 70 °C) for 1 h. The specimens were inserted in a paper box, covered with liquid paraffin, and then labeled. 
Finally, the paraffin block was cut with a rotary microtome (4 μm thickness), and placed on the polysineTM slide 
(Thermo Scientific, Germany)18. 
2.4. Immunohistochemistry detection of HSP70 
Immunohistochemical staining was performed on liver sections on slides that were deparaffinized using xylol and 
rehydrated in a series of alcohol to water. The endogenous peroxidase activity was blocked with 3 % (w/v) H2O2. 
For detection of HSP70, the slides were incubated overnight with monoclonal anti–heat shock protein 70 (HSP70) 
clone BRM–22 (Sigma–Aldrich, Germany). Biotinylated secondary antibody, an avidin–biotin complex, and 
diaminobenzidine chromogene (Universal Dako LSAB®+ Kit Peroxidase, Dako North America, Inc., USA) were 
applied for visualization of the immunoreaction19,20. Histological expression of HSP70 was assessed on Meyer’s 
hematoxylin stained sections, and counted with double–blind manner21,22. 
2.5. Data Analysis 
The data of HSP70 expression in the liver cell of mice (dependent variable, in three replicates) were analyzed 
using two way analysis of variance, after fulfilling normality (Kolmogorov–Smirnov test) and homogeneity (Levene 
test) requirements. The obtained data could be transformed while it does not meet the normality and or homogeneity 
test. The Duncan Multiple Range Test (DMRT) was applied to the data that show significant difference. All 
statistical tests (from normality to post–hoc test, with α = 0.01) were done using SPSS version 1523–25. 
3. Result and discussion 
3.1. Immunohistochemistry of HSP70 
The immunohistochemical staining by anti–HSP70 visualizes cells expressing HSP70 as brown ring–shaped 
spots with the inner section reflected in higher intensity. The brown ring–shaped spot reflects the HSP70 in the 
cytoplasm of liver cell, while the brown bold inside reflects the protein in the cell nucleus. 
 
 
Fig. 1.Immunohistochemical staining of liver cells of mice using anti–HSP70. 
 
Determination of HSP70 using immunohistochemical techniques is based on the concept of antigen–antibody 
specific binding. The cells expressing HSP70 as antigen will be recognized specifically by anti–HSP70 antibody. 
This specific bond is amplified by avidin–biotin complex sandwich assay26-28. The series of immunoreaction and 
staining techniques will differentiate cells expressing HSP70 from other cells.  
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3.2. The expression of HSP70 based on treatment and time factor 
Data of the number of mice liver cells that express HSP70 based on treatment factors are presented in Table 1 and 
Fig.2A. The number of cells that express HSP70 increases by the treatment with fish flesh containing formalin, and 
is almost reduced to the control level by additional treatment with chlorophyllin. 
Table 1. The results of DMRT Test (1 %) on the data of square root transformation of the mean of HSP70–expressing cell based on treatment 
factor. 
Type of treatment N HSP70–expressing 
cell ± SE 
HSP70–expressing cell ± SE 
(square root transformation) 
Retransformation 
Negative control (NC) 12 6.2 ± 0.57 2.447a ± 0.127 5.988a 
Fish containing formalin (FF) 11 19.9 ± 3.44 4.228b ± 0.451 17.876b 
Fish containing formalin plus chlorophyllin (FFChln) 12 8.0 ± 1.07 2.748a ± 0.201 7.551a 
Chlorophyllin (Chln) 12 6.4 ± 0.61 2.496a ± 0.130 6.230a 
Note: The obtained data meet the homogeneity but does not meet the normality test, thus square root transformation was applied to the data. 
 
 
Fig. 2.   Bar graph of the data of square root transformation of the mean of HSP70–expressing cell based on: (A) treatment factor (NC for 
negative control, FF for fish containing formalin, FFChln for fish containing formalin plus chlorophyllin, and Chln for chlorophyllin); 
and (B) time factor. The mean of HSP70–expressing cell is the average number of liver cells of mice which expressing HSP70 that was 
counted with double–blind manner in five different fields of view per liver section. 
Table 2. The results of DMRT Test (1 %) on the data of square root transformation of the mean of HSP70–expressing cell based on time factor. 
Duration of repeated 
exposure (d) 
N HSP70–expressing 
cell ± SE 
HSP70–expressing cell ± SE 
(square root transformation) 
Retransformation 
0 12 3.917 ± 0.398 1.947a ± 0.106 3.791a 
2 12 14.250 ± 2.588 3.624c ± 0.318 13.133c 
14 12 12.250 ± 2.990 3.275bc ± 0.372 10.726bc 
62 11 9.915 ± 1.306 2.968b ± 0.193 8.809b 
Note: The obtained data meet the homogeneity but does not meet the  normality test, thus square root transformation was applied to the data. 
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Data of the number of mice liver cells expressing HSP70 as a function of the time of treatment are presented in 
Table 2 and Fig.2B. The difference of the number cells that express HSP70 between the control of time (0 d) which 
lower than repeated exposure groups (2 d, 14 d, 62 d) showed that repeated treatment of test substance significantly 
influence to enhance HSP70 expression. The expression of HSP70 looks peaked on 2nd d, a slow decline on 14th d, 
and continuously decline to 62nd d. 
3.3. Formaldehyde–induced apoptosis through mitochondrial and death receptor pathway 
There have been many reports about the damage caused by exposure of experimental animals and cell cultures to 
formaldehyde. Formaldehyde can induce DNA–protein crosslinks2,15,29–32. DNA–protein crosslink (DPC) is formed 
when a protein binds to DNA by covalent bonds. Chemical compounds that induce DPC are quite diverse and a 
number of different methods have been used for the analysis of DPC, as one form of DNA damage15. The 
mechanism of DPC induction by formaldehyde include the reaction of these compounds with amino and imino 
groups of proteins (such as lysine and arginine side chains) or from nucleic acids (such as cytosine) to form a Schiff 
base (alkaline condensation products of aldehydes and amines) which then reacts with another amino group15,32. The 
level of crosslinking between DNA and proteins has been used as biomarker of formaldehyde and other DPC 
inducer agents exposure in mammalian cells33. 
As mentioned above, DPC is one of the DNA damage induced by formaldehyde exposure. According to Shankar 
and Srivastava34, the protein p53 (tumor suppressor protein) will be activated in response to DNA damage. This 
protein directly or indirectly modulates the expression of proteins that control mitochondrial membrane 
permeability, resulting in the release of mitochondrial proteins such as cytochrome c. Cytochrome c together with 
Apaf–1 (apoptotic protease activating factor 1) and dATP (nucleotides precursor) then form the apoptosom that 
activates Caspase–9 (initiator Caspase). In the context of apoptosis (programmed cell death), the Caspase group has 
been known to participate as a trigger of the cell death program, as a regulatory element in the program, and finally 
as part of the effector elements of the program itself35. Caspase activation is a key requirement in the reaction of 
cells to undergo apoptosis34. 
In the process of apoptosis much evidence has suggested that caspases are activated in a hierarchical flow 
(caspases cascade). This cascade consists of caspase initiator (Caspase–8, –9, and –10) and executor (Caspase–3, –6, 
and –7) together with their inhibitors and activators. Initiator caspase is activated through autoproteolysis induced by 
binding to specific activators. Each initiator Caspase is specifically activated in response to certain cytotoxic stimuli. 
For example, Caspase–9 is activated in response to cellular stress such as drugs that are cytotoxic, heat shock, and 
ionizing radiation. Activation of the initiator caspase multiplies the death signals directly through proteolytic 
activation of executor caspase. Executor caspase then arrange the dismantling of cellular structures, disrupt cellular 
metabolism, deactivate cell death inhibitor proteins and activate additional destructive enzymes36. 
Previous research on the effect of formaldehyde on the activation of caspase been done by Hester et al37. Based 
on their research it was reported that formaldehyde (40 mL, 400 mM) dropped into the nostrils of male F344 rats 
may activate Caspase–3, –6, and –7 (executor caspase) through the induction of FasL (Fas ligand) and TNFR (tumor 
necrosis factor receptor) in the nasal epithelium cells. FasL is a specific ligand for the Fas receptor (transmembrane 
proteins in the cell membrane), while TNFR a specific receptor of the TNF ligand. The death receptor systems both 
Fas ligand–receptor or TNF are important signaling pathway in the regulation of apoptosis34,38–41. 
3.4. The expression of heat shock protein as stress response 
Every organism shows a response resembling homeostasis when faced with rapid changes in their environment. 
One concept which is associated with response to changes in the environment is known as heat shock or stress 
response. When confronted with an increase in temperature or physiologically relevant stimuli the cells of every 
living organism respond with a rapid increase in the synthesis of a group of proteins known as heat shock proteins 
(HSP). The induction of HSP is not only caused by temperature stress but also by other stimuli such as exposure of 
cells by a variety of metals, amino acid analogues, hypoxia, oxidative stress, nutritional deficiencies, ultraviolet 
radiation, viral infections, wounds caused by ischaemia–reperfusion, and agent or treatment which leads to reduced 
ATP levels42. 
 Alfonds Andrew Maramis et al. /  Procedia Chemistry  14 ( 2015 )  27 – 35 33
HSP70 is a prominent group of stress response proteins. In normal conditions the concentration of HSP is around 
10% of the total protein content and increased by about two or three times under stress conditions. In the context of 
induced apoptosis HSP70 as a form of defense mechanism is synthesized to inhibit the formation of Caspase–9 in 
mitochondrial pathway and several protein kinases such as ASK1 (apoptosis signal–regulating kinase 1), p38–
MAPK (p38 mitogen–activated protein kinase), and JNK (c–Jun N–terminal kinase) in death receptor pathway43,44. 
The results of this study indicate that the exposure of fish containing formaldehyde can increase the expression of 
HSP70 up to three times when compared to the control treatment. This fact shows that the consumption of fish 
containing formaldehyde can induce cellular stress at a high level. Related to the duration of exposure, the results 
showed that the increase of cellular stress due to consumption of fish containing formalin experienced a peak on the 
2nd d after repeated exposure was done, decreased gradually on 14th d, and lasts until the 62nd d. The decline that 
occurred indicate an adaptive response to the consumption of fish containing formalin, as a result of repeated 
exposure. The expression ofHSP70 which began to decline on the 2nd d until the end of treatment showed a decrease 
in the ability of the organism to cope with stress stimulus or no longer able to tolerate stress, in line with the aging 
process of the organism itself45. 
3.5. Chlorophyllin as detoxifier 
Chlorophyllin is a semi–synthetic form of natural chlorophyll that soluble in water46,47. Many studies have shown 
that chlorophyllin can be used in detoxifying a wide variety toxins at the molecular level. Chlorophyllin have strong 
and broad chemoprotective activity. Chlorophyllin significantly inhibit the mutagenic activity of various xenobiotic 
through mechanisms such as direct antioxidant activity and the formation of complexes with mutagens/carcinogens. 
Judging from its role as an antioxidant chlorophyllin can reduce damage to mitochondrial membrane lipids and 
potential oxidative damage48,49. The other mechanisms, chlorophyllin form complexes with mutagens/carcinogens 
through the strong interaction, which continues to facilitate the excretion of these carcinogens50–56. Associated with 
the concept of DPC, chlorophyllin can lock mutagens/carcinogens and prevent these agents to form adducts with 
DNA46,57–59. 
The results showed that chlorophyllin supplementation could decrease the high expression of formaldehyde-
induced HSP70 equivalent to the control treatment. This fact indicates that chlorophyllin can normalize cellular 
stress caused by the consumption of fish containing formalin. This study reinforces the previous study12 related to 
the effect of chlorophyllin supplementation in normalizing the concentration of SGOT and SGPT elevation due to 
repeated exposure of fish containing formaldehyde. 
4. Conclusion 
The overexpression of HSP70 is closely linked to the suppression process of induced apoptosis. The 
overexpression of HSP70 is also closely linked to the defense of cells against various stress stimuli (including 
oxidative stress). The expression of HSP70 that increased in early repeated exposure then slowly decreased 
suggesting an adaptive response to formalin–containing foodstuff as oxidative stressor. HSP70 expression correlates 
with the suppression of formaldehyde–induced apoptosis by chlorophyllin, indicating that this substance could be 
categorized as a detoxifier of formalin–containing foodstuff. 
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